Acute abdominal pain is a clinical stgn assoctated with several underlying disease processes, many of which can be life threatening. Abdominal pain requires efficient diagnostic evaluation to determine the approprtate course of treatment. Definitive treatment involves medtcal and/or surgical management. The emergency clintctan must be well versed tn the diagnostic approach to these patients to facilitate appropriate therapy.
A
bdominal discomfort is associated with a variety of disorders in small animal patients (Table 1) . Pain may arise from the abdominal viscera or parietal peritoneum, or may be referred from extra-abdominal sites. Inflammation of the parietal peritoneum is characterized by severe, sharp pain, whereas visceral pain tends to be dull and poorly localized. Visceral pain occurs secondary to inflammation, ischemia, distention, or rupture of abdominal organs. Animals manifest symptoms of pain by guarding the abdomen when it IS touched or palpated. Other clinical signs can include abdominal distention, prayer-type posture, restlessness, vomiting, diarrhea, and collapse.
Diseases causing acute abdomen can affect multiple organ systems, the most important of which are the cardiovascular, respiratory, central nervous, and renal systems. Physical evaluation of these four systems identifies immediate life-threatening problems that require rapid stabilization. Once lifethreatening problems are identified and treatment is initiated, further diagnostic evaluation may be undertaken.
The most common life-threatening problem associated with acute abdominal pain is hypovolemic or septic shock. Hypovolemlc shock is physically characterized by pale mucous membranes, prolonged capillary refill time, and rapid weak pulses. Septic shock is most commonly recognized by hyperemic mucous membranes, rapid capillary refill time, and bounding/ hyperdynamic pulses. The physical parameters of shock vary as a continuum with the stage of shock. Therefore, the described parameters will vary as the disease process worsens or improves and should only be used as guidelines. Aggressive fluid therapy is the initial treatment for hypovolemic or septic shock. A large-bore central or peripheral intravenous catheter should be placed. Samples should be obtained from the catheter for pretreatment evaluation including packed cell volume (PCV), total solids (TS), blood glucose (BG), blood urea nitrogen (Azostix, Bayer, Elkhart, IN), electrolytes, blood smear, complete blood count (CBC), serum chemistry profile (CS), and blood coagulation assays. In addition, a urine sample should be obtained before administering fluids; however, the stability of the patient is the first priority. Table 2 summarizes the important points regarding PCV, TS, dipstick BUN, dipstick glucose, and blood smears.
Crystallold or colloid therapy can be used for initial volume resuscitation of hypovolemic or septic shock. Table 3 summarizes the doses for initial resuscitation. Fluid/blood product therapy is titrated to clinical improvement in the patient. Parameters such as heart rate, capillary refill time, and pulse quality should be closely monitored and fluid therapy tapered accordingly.
The respiratory, central nervous, and renal systems are also assessed in the patient with acute abdominal pain. Disease processes such as aspiration pneumoma can occur in animals with acute abdominal pain. Aspiration pneumonia is the most common abnormality and is associated with abnormal lung sounds, dyspnea, and hypoxia. Thoracic radiographs should be obtained if pneumonia is suspected. A transtracheal wash for culture and cytology is necessary to complete the evaluation once the patient is stabilized. The central nervous system may be depressed secondary to hypoglycemia in a septic patient. The imtial database will detect this problem. Hypoglycemia is managed with a bolus of 0.5 g/kg of intravenous dextrose. Azotemia may be detected and can be prerenal, renal or postrenal in origin. If azotemia is detected, the animal must be evaluated closely for the cause. Abdominal radiographs, ultrasound, and urinalysis, as well as contrast studies, should be considered. Abnormalities in the respiratory, central nervous, and renal systems may not be obvious in the initial examination of the animal with acute abdominal pain. However, it is vital that these organ systems are evaluated closely to treat the detected abnormahties promptly and provide optimal outcome in the animal.
Once initial stabilization is underway, an accurate history should be obtained. Questions regarding duration of signs, exposure to toxins, current drug therapy, and relevant past health problems should be addressed. Additionally, specific questions should be asked regarding dietary indiscretion, stermdal and nonsteroldal medications, and current medical conditions. Secondary physical survey of the patient is undertaken as well. Table 1 summarizes the most common diseases associated with an acute abdomen. It should be remembered that extraabdominal diseases such as intervertebral disc disease could mimic abdominal pain, so attention to extra-abdominal diseases is warranted. Gentle abdominal palpation may reveal organomegaly leading to suspicion for neoplasia. Focal bowel loop distention and pain can indicate intussusception or intestinal foreign bodies. Pain localized to the right cranial quadrant of the abdomen is suggestive of pancreatitis. Fluid Vigilant monitoring of the four major organ systems is critical through the resuscitation and diagnostic phases of care. The primary and secondary physical evaluatmns, history, and emergency database provide a sohd basis for direction m a more specific evaluation of the underlying disease process. Other specific &agnostic modalities include abdommal radiographs, contrast studies, abdominal ultrasound, abdominocentesis, and diagnostic peritoneal lavage (Table 4) . Any one or a combmauon of these modalities often provides a definitive diagnosis to direct further care. The order of the use of these modalities depends on the individual patient. For example, abdominocentesis might be the first specific diagnostic test used in a patient with an obvious abdommal fluid wave, whereas abdominal radiographs might be the first step in a dog or cat in which free abdominal fired is not detected on initial physical examination.
Diagnostic Imaging
The rapid availability of abdominal radiography makes it an essential tool for evaluation of animals with acute abdominal pain. Ideally both lateral and ventrodorsal views should be obtained, but the stabdlty of the patmnt may preclude ventrodorsal positioning. In critically ill patients, measurements should be taken and machine settings adjusted before positioning the animal on the table. Abdominal radiographs should be criucally reviewed for the presence of free air (Fig 1) , fluid, masses, abnormal organ position, and focal or diffuse bowel loop distention. It may be useful to obtain opposite lateral views or a horizontal beam view to highlight air or fluid.
Abdominal ultrasound is becoming more valuable as a diagnostic tool for patients with acute abdominal pain. Abdominal ultrasound is also capable of detecting small quantities of free peritoneal fluid that otherwise might be unobserved. As little as 4 mL/kg body welght of free flmd can be visualized on ultrasound examination.1 Large amounts of free fluid are easily vasualized as anechoic areas separating the abdominal organs. Positioning the ammal (not advisable in cardiovascularly unstable patients) in dorsal recumbency facilitates the identification of small amounts of peritoneal fluid within the abdomen. Areas warranting close observation for fluid are around and between liver lobes, between the body wall and the spleen, and at the apex of the bladder. Fluid may accumulate locally in certain disease processes, such as pancreatitis. Pancreatltis can cause pocketing of fluid in the right cranial quadrant near the duodenum, stomach, liver, and right kidney. Retroperitoneal fluid accumulation can be indicative of hemorrhage or ureteral leakage. Fluid visualized with ultrasound frequently can be safely aspirated with ultrasound gmdance and should be evaluated as described below. A detailed ultrasound examinanon of the abdomen requires considerable expertise and is beyond the scope of this arncle.
Animals suspected of having gastrointestinal obstruction may require barium contrast studies or barmm impregnated polyethylene spheres (BIPS, Chemstock Animal Health, LTD, Christchurch, New Zealand) studies to determine if they are truly obstructed. Barmm is administered at a dose of 4 to 6 mLAb after survey abdominal radiographs are taken and the colon is emptied with an enema. Both lateral and ventrodorsal (VD) views of the abdomen should be obtained at 0, 15, 30, 60, 120, 240, and 360 minutes. Further ra&ographs may be necessary as dictated by the findings. A BIPS study involves feeding the animal the appropriate-sized BIPS capsules and obtaining radiographs anywhere from 6 to 24 hours later.
If renal or ureteral trauma is suspected, an intravenous pyelogram can be of diagnostic value. Survey abdominal radiographs are obtained, iodinated contrast is mjected intravenously, and radiographs are taken at 0, 5, and 20 minutes. If lower urinary tract leakage is suspected, contrast cystography and urethrography are indicated. A positive contrast eystogram involves placing a urinary catheter, emptying the urinary bladder, injecting 2 to 3 mLAb of dilute iodinated contrast (1/3 Hypaque 76% [Nycomed, Inc., Princeton, NJ]: 2/3 normal saline) and obtaining a radiograph. Care must be taken not to overdistend the bladder. Subtle leakage may be visualized as increased radiopacity to the entire abdominal cawty as iodine leaks into the peritoneum. A urethrogram is performed with the same dilute contrast agent mentioned above. A urinary catheter ts placed into the bladder, the urinary bladder is filled with dilute contrast, the catheter ~s withdrawn almost to the end of the urethra, and the contrast is injected into the urethra while the film is taken.
Peritoneal Fluid Retrieval and Analysis
If abdominal effusion is suspected based on physical or imaging evidence, the most rapid technique for retrieval is abdominocentesis. The ease and simplicity of abdominocentesis make it an excellent technique; however, it often requires a relatively large quantity of abdominal fluid to be present to be successful. For abdommocentesis, the abdomen is chpped and scrubbed as if for a sterile surgical procedure. A four-quadrant technique is critical to optimize the chances of obtaining free abdominal fluid (Fig 2) . Four open, 20-gauge needles are placed through the skin and into the peritoneal cavity. Diagnostic peritoneal lavage is a more sensitive technique for evaluauon of the abdominal cavity than is abdominocentesis; however, all readily available diagnostic imaging should be performed before instilhng fluid into the abdomen. 2 Diagnostic peritoneal lavage detects smaller quantiues of fluid as compared with abdominocentesis (1.0 to 4.4 mL/kg). 3 Diagnostic peritoneal lavage is also useful for the evaluation of the abdominal cavity if peritonitis is suspected but no abdominal fluid is detectable. This technique uses a muhilumen dialysis catheter or an angiocath with additional holes placed in it with a scalpel blade. The urinary bladder should ideally be emptied. The animal is restrained in lateral or dorsal recumbency. Clip and scrub the abdomen just caudal to the umbilicus. Infiltrate the subcutaneous tissue with lidocaine. Light sedation may be required for some patients. It can be helpful to make a stab incision in the skin. If using an angiocath, msert the catheter into the abdomen aiming caudally toward the pelvis. Once the abdominal wall is penetrated, slide the catheter over the metal stylet into the abdomen to avoid accidental puncture of viscera. Speciahzed peritoneal lavage catheters may be used as well (Fig  3) . Here, a needle stylet is introduced in the same fashion as described and a J-wire is passed into the abdomen directed toward the pelvis. The needle stylet is then removed, leaving the guidewire in place. The dialysis catheter is passed over the guidewire into the abdominal cavity. Fluid may be obtained directly from the catheter. If no fired is obtained, instill 20 mL/kg of warm sterile sahne into the abdominal cavity. Gently rock the patient back and forth, and then attach a closed collection system to remeve the fluid. Allow all of the fluid that is easily obtained to drain out of the abdomen. The peritoneal lavage catheter may be sutured mto place for further monitormg of peritoneal fluid or therapeutic peritoneal lavage. It is common to retrieve only small quantities of fluid despite the introduction of a large volume into the peritoneal cavity. The remaining flmd can be reabsorbed by the peritoneum. Any flmd retrieved should be evaluated as described below.
Fluid Analysis
If abdominal fluid is obtained, the flmd must be evaluated both cytologically and with pertinent laboratory tests. It is important to interpret the abnormalities in conjunction with the patient's chnical parameters. If only a small quantity of fluid is obtamed, cytology is the most valuable test to perform. Cytology of a direct smear of the fluid as well as a spun sediment evaluation should be performed. The slides are stained and evaluated for inflammatory cells, bacteria, vegetable fibers, etc. Degenerate neutrophils and bacteria are an re&cation for emergency abdominal exploratory surgery. In addition, abdominal effusion with a glucose < 50 mg/dL, pH < 7.2, Pco2 > 55 mm Hg, Poz < 50 mm Hg, or lactate > 5.5 mMol/L is more likely to have a bacterial etiology. 4 If bloody fluid is obtained from abdominal paracentesis, then it should be collected and monitored for clotting. Free blood in the peritoneal cavity should not clot, whereas blood obtained from unintentional puncture of an organ or vessel will clot if no coagulopathy is present. PCV and total solids should be evaluated wtth bloody effusions. The PCV of the abdominal effusion will be similar to the peripheral venous PCV if the hemorrhage is recent. If hemorrhage stops and flmd therapy is instituted, a wider discrepancy may be seen between abdominal effusion PCV and peripheral venous PCV. The peripheral PCV will become lower as a dflunonal effect of treatment and the abdominal PCV will remain the same. Active hemorrhage usually results m parallel changes in peripheral and abdominal fired PCV. 5 Measurement of abdominal flmd potassium and creatinine should be compared with simultaneously collected peripheral blood potassium and creatinine. Increased abdominal fluid potassium or creatinine compared with peripheral blood indicates a uroperitoneum. These tests are useful early in the course of a uroperitoneum, but over time the abdominal fluid can begin to equilibrate with serum and ultimately they may yield similar results. Other biochemical measurements of abdominal fluid mclude bilirubin (if bile leakage is suspected) or lipase if pancreatius is possible. If the bfliary tree has been ruptured, the fluid may be bile colored and have an elevated bilirubm. Animals with pancreatitis may have elevations in lipase as compared with serum. These tests, although useful, are not completely foolproof. They must be evaluated in conjunction with the clinical evaluation of the ammal and the results of other diagnostic tests. 
Specific Diseases

Hemoabdomen
Abdominal hemorrhage is most often a result of trauma or rupture of intra-abdominal neoplasia. Abdominal bleeding can also be associated with liver disease, especially in cats. The initial packed cell volume may be normal even with substantial abdominal bleeding because insufficient time may have passed for redistribution of fluid into the vascular space. However, a decrease in total solids may be present on the initial database, especially in dogs. A low total solids in an animal with abdominal pain and shock is suggestive of intra-abdominal hemorrhage. Medical management consists of treatment of shock with colloids and blood products. These patients may benefit from the placement of bandages to apply external counter-pressure to the hind legs and caudal abdomen. Bandaging the abdomen increases intra-abdominal pressure and may serve to tamponade a bleedmg focus. Abdominal wraps should not be placed in ammals with respiratory compromise or who are known to have diaphragmatic herma.
Many of these animals can be stabilized initially with blood transfusions. Dose ranges are presented m Table 3 . Adjustments in dose should be made according to the animal's climcal status and PCVFrS. If hemorrhage cannot be stabilized, emergency surgery is indicated. The PCV/TS, mucous membranes, capillary refill time (CRT), and pulse quality should be momtored closely. If possible, a platelet count, prothrombin time, and partial thromboplastin time should be evaluated in these animals before transfusion or surgery. Delayed fluid resuscitation can be beneficial m human patients with hemoperitoneum if surgery can be performed within 1 hour. 6 In the veterinary setting, this generally is not applicable because of the delay in performing abdommal exploration and the frequent resolution of hemorrhage with medical stabilizatmn alone. If it is determined that hemorrhage is secondary to an abdommal mass, surgtcal removal is the only definitive approach. mately 40 mL/kg of warmed dialysate is infused into the abdomen and allowed to remain for 30 to 45 mmutes. The fluid is then allowed to drain out via gravity drainage. This cycle of infusion, dwell time, and drainage is repeated as often as hourly to ameliorate uremia. The frequency of cycles varies from case to case with the level of uremia. Once the animal is stable, abdominal exploration is performed.
Uroabdomen
Rupture of the urinary tract results in the accumulation of urine in the peritoneal cavity or retroperitoneal space and abdominal pain. Creatinlne and potassium concentrations in abdominal fluid should be compared with simultaneously collected serum concentrations. Higher concentrations in the abdominal fluid suggest uroperitoneum as the most likely cause for the acute abdomen. Cytology is usually consistent with inflammation, although septic mflammanon may be present if the urine was infected. Uroperitoneum is a differential for all patients presenting with abdominal effusion and azotemia. Urine output should be monitored in all azotemic animals with abdominal pain. Survey abdominal radiographs may indmate the potential cause for urine leakage. Renal and urinary bladder size, shape, and position should be assessed as well as the presence of calculi. Fluid accumulation may preclude a detailed assessment of intra-abdominal structures. Positive contrast studies are the gold standard to determine the integrity of the urinary tract. These procedures are described above.
Severely uremic patients will benefit from a period of medical stabilization before surgery. In most instances, fluid therapy with 0.9% sodium chloride is sufficient. Lifethreatening hyperkalemia can be treated with regular insulin (0.1 to 0.5 units/kg IV) and dextrose (bolus 0.5 g/kg followed by 5% dextrose m IV fluid). If cardiac arrhythmias are present, then IV calcium may be required (0.5 to 1.5 mL/kg of 10% calcium gluconate). Severe acidosis may require judicious administration of sodmm bicarbonate. Peritoneal dialysis or hemodialysis may be required in the most severely ill animals.
Peritoneal dialysis is performed to decrease uremia before anesthesia and surgery. It can be performed through multilumen or column disk catheters. Strict aseptic technique must be followed to avoid bacterial contamination of the abdomen. Dialysis fluid can be purchased commercially or made by putting additives into intravenous fluid bags (Table 5) . Approm-
Bile Peritonitis
Abdominal pam, effusion, and icterus can occur because of a severe chemical peritonitis from bile leakage. Trauma, cholelithiasis, or necrotizing cholecystitis are the most common causes of bile leakage. The clinical signs of bile peritonitis or bile peritonitis can someumes occur as late as 7 to 10 days after traumatic rupture. Abdominal fluid is often grossly yellow/ brown and characterized as an exudate. Peritoneal fluid bllirubin concentration may be increased compared with serum. Abdominal ultrasound may reveal the cause of the bile leakage, although surgical exploration for defmitIve diagnosis and repair should be performed as soon as possible. Medical stabilization with fluids, colloids, and blood products is warranted in these patients. Coagulauon assays should be performed to evaluate the need for fresh frozen plasma or flesh whole blood transfusions. Peritoneal lavage may be of benefit to ameliorate abdominal pain and inflammation.
Septic Peritonitis
Septic pentonltiS is defined as the presence of suppurative inflammation with degenerate neutrophtls and bacteria in the abdominal cavity. Causes include abdominal neoplasia, pancreatitis, and rupture of the gastrointestinal tract. Abdominal radiographs can detect masses or loss of abdominal detail. Abdominal ultrasound may detect small pockets of fluid or masses not evident on radiographs. Abdominal fluid is consistent with a modified transudate or exudate with severe inflammation. Surgical exploratory is mandated in these animals.
Stabilization requires treatment of shock and may require blood products if coagulation is determined to be abnormal. Administration of broad-spectrum antibiotics perioperatively is warranted. The mortality rate associated with generalized septic peritonitis remains high at 43%/These animals require early recogmtion and aggressive management to minimize mortality. Emergency abdominal exploratory surgery is warranted as soon as these patients are medically stabilized. Open peritoneal drainage may be necessary to allow for adequate drainage.
Nonseptic Peritonitis
Nonseptic peritomtis is defined as the presence of inflammation with intact or hypersegmented neutrophlls in the peritoneal cavity. Inflammatory processes such as pancreatitis, intestinal obstruction, intussusception, hepatic inflammation, prostatitis, and prostatic abscesses are the most common causes of nonseptic inflammation in the abdomen. Abdominal radiographs and ultrasound may indicate the source of inflammation. Cytology of peritoneal fluid is inflammatory without definitive presence of bacteria or degenerate neutrophils. In cases of pancreatitis, peritoneal fluid may contain elevated concentrations of lipase as compared with serum.
Treatment consists of intravenous fluids such as balanced electrolyte soluuons or colloids. Some animals may require plasma or blood transfusion support if a coagulopathy present. Broad-spectrum antibiotics may be reqmred if a bacterial etiology is suspected. Some animals with nonsepuc peritonius fail to improve or deteriorate with intensive medical management. These animals require repeat imaging studies, diagnostic peritoneal lavage, and ultimately may reqmre surgical exploration.
Summary
Animals with acute abdominal pain remain a challenge because of the multiorgan effects and the occult nature of the cause. Rapid assessment and treatment followed by intensive monitoring and follow-up care are vital to achieving a positive outcome.
